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® Voltage multiplier circuit and rectifier element 

® The invention relates to a voltage multiplier, 
comprising a series connection of rectifier elements 
which are alternately rendered conductive by al- 
ternately applying complementary clock signals to 
capacitances which are connected to junction points 
of pairs of neighbouring elements. The rectifier ele- 
ment is constructed by means of field effect transis- 
tors so that the well in the substrate in which the 
element is realized receives either the anode voltage 
or the cathode voltage. This prevents the occurrence 
of the so-called back-gate bias effect which in- 
creases the threshold voltage of the element and 
limits the output voltage of the voltage multiplier. 
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"Voltage multiplier circuit and rectifier element." 



The invention relates to an Integrated voltage 
multiplier circuit, comprising a high-voltage output 
connected to a series connection of rectifier ele- 
ments, each of which comprises a first field effect 
transistor, a buffer capacitance for charge storage 
being connected between the high-voltage output 
and a power supply terminal, a junction point of 
every pair of neighbouring elements being con- 
nected to one side of a booster capacitance 
whereto clock signals are applied on the other side 
so that two booster capacitances connected to a 
respective side of one rectifier element receive 
clock signals of mutually opposed polarity. 

The invention also relates to a rectifier element 
suitable for use in such a voltage multiplier circuit. 



STATE OF THE ART 

Voltage multiplier circuits of this kind are 
known, for example from IEEE Solid State Circuits, 
SC-11(3), June 1976. page 375, and are used inter 
alia in non-volatile electrically programmable "and 
erasable memories. 

A conventional voltage multiplier circuit for 
generatmg a negative output voltage comprises a 
series connection of PMOS transistors which are 
connected as diodes and which are realized in a P- 
well proces, said series connection being connect- 
ed at a cathode side to a point carrying a low 
supply voltage Vss (ground) and comprising at an 
anode side an output with a buffer capacitance for 
supplying a high programming voltage. The buffer 
capacitance is connected between the output and a 
high supply voltage Vdd- The substrate in which 
these transistors are embedded is of the N-type 
and, in order to avoid the injection of charge car- 
riers from the transistors to the substrate, it is 
coupled to the high supply voltage (Vqd). A junction 
point of each pair of neighbouring diodes is con- 
nected, via a respective booster capacitance, to 
either a first clock line or a second clock line, 
which clock lines carry logically complementary 
clock signals. The various booster capacitances 
alternately receive clock signals of opposed sign. 
Because the sign of the clock signals periodically 
changes, the diodes are alternately conductive and 
blocked and charge is transferred from one booster 
capacitance to the other via a conductive diode. 

It is a drawback ofihe conventional voltage 
multiplier circuit that, as a voltage on a booster 
capacitance or on the buffer capacitance becomes 
more negative due to the transfer of charge, the 
threshold voltage of the transistor which is con- 



nected to the relevant capacitance and which is 
connected as a diode increases due to the so- 
called back-gate bias effect. As a result, the ratio of 
the charge pumped through a rectifier element and 
5 the charge to be potentially transferred by means 
of a clock signal is reduced. The effectiveness of 
the unit: booster capacitance and rectifier element 
decreases. In this respect reference is made to 
"MOS/LSI Design and Application". W. Carr and J. 
10 Mize, McGraw- Hill. 1972, pp. 56-57. 

The level of the output voltage of the voltage 
multiplier circuit is limited by this effect. The trans- 
fer of charge from the buffer capacitance, via the 
diode, to the next booster capacitance stops^hen 
IS the voltage swing between the clock lines is too 
small to raise the voltage on the anode of the diode 
one threshold voltage beyond the voltage on the 
cathode of the diode. In order to obtain a higher 
negative output voltage, a larger voltage swing and 
20 hence a higher supply voltage would be required. 

Replacement of a PMOS transistor by an 
NMOS transistor connected as a diode and also 
realized by means of a P-well process, leads to 
problems of another kind. The P-well contact of the 
25 transistor is connected to the anode side of the 
diode; consequently, the cathode, the P-well and 
the substrate form an emitter, a base and a collec- 
tor, respectively, of a parasitic npn transistor which 
draws current from the substrate. For example. 
30 International Patent Application PCT/US 83/01977, 
publication No. WO 84/02607, discloses a solution 
to this problem, involving an auxiliary voltage multi- 
plier which keeps all wells at a sufficiently low 
negative voltage. The auxiliary multiplier, however, 
35 requires an additional amount of substrate surface 
area, increases the power dissipation and necessi- 
tates additional steps so as to reduce the effect of 
the parastic transistors then occurring. 

The above considerations also hold good for 
40 conventional voltage multiplier circuits for achieving 
a high positive output voltage by means of NMOS 
transistors in a P-welt process, and also for voltage 
multiplier circuits realized by means of MOS tran- 
sistors in an N-well process. 

45 

OBJECT OF THE INVENTION 

It is an object of the invention to provide a 
50 voltage multiplier circuit incorporating a more effec- 
tive voltage multiplication, where the output voltage 
is not limited by the back-gate bias effect or by the 
level of the supply voltage, and where conduction 
of the parasitic bipolar transistors is avoided. 

To achieve this, a voltage multiplier circuit in 
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accordance with the invention is characteriz d in 
that the field effect transistors of the elements on a 
substrate are realized in separate regions of a 
conductivity type other than that of the substrate, at 
least the rectifier elements which are situated at a 
high-voltage side of the circuit comprising respec- 
tive switching means which connect internal di- 
odes, formed In the field effect transistor by a p-n 
junctions between a source and a drain, respec- 
tively, of the field effect transistor on the one side 
and the region on the other side, to either the 
source in the conductive state or to the drain in the 
blocked state of the field effect transistor, so that 
the internal diodes remain blocked. When the re- 
gion is connected to the source of the field effect 
transistor in the conductive state of the latter, the 
back-gate bias voltage remains zero. When the 
region is connected to the drain of the field effect 
transistor in the blocked state of the latter, the 
parasitic bipolar transistor whose collector, base 
and emitter are formed by the substrate, the well 
and the drain, respectively, will not become con- 
ductive. 



EMBODIMENTS OF THE INVENTION 

An embodiment of a voltage multiplier circuit in 
accordance with the invention is characterized in 
that the^^itching means of the first field effect 
transistor comprise a second and a third field effect 
transistor which are of the same conductivity type 
as the first field effect transistor and which are 
realized in respective regions which are coupled to 
the region of the first field effect transistor, a 
source of the second and the third field effect 
transistor being connected to a source and a drain, 
respectively, of the first field effect transistor, a 
control electrode of the second and the third field 
effect transistor being coupled to the drain and the 
source, respectively, of the first field effect transis- 
tor, the drains of the second and the third transistor 
being connected to the interconnected regionsjThe 
switching means in the form of a second and third 
transistor have a compact construction and need 
not be driven by additional control signals. Such a 
construction comprising NMOS transistors in a P- 
well is suitable for generating high negative vol- 
tages. A voltage multiplier constructed by means of 
PMOS transistors is suitable for generating high 
positive voltages. 

A further embodiment of a voltage multiplier 
circuit in accordance with the invention is char- 
acterized in that the voltage multiplier circuit com- 
prises a multi-phase clock signal generator for ap- 
plying r spective. mutually phase-shifted clock sig- 
nals to respective booster capacitances, the clock 
signal applied to the source of the first field effect 



transistor via the relevant booster capacitance 
changing sooner than the complementary clock 
signal applied to the drain of the first field effect 
transistor via the next booster capacitance. When a 

5 voltage across the first transistor is smaller than a 
threshold voltage, the regions are uncoupled from 
the main electrodes of the first transistor. The re- 
gions, however, retain the voltage they had at the 
instant of uncoupling, because the junction capaci- 

10 tance of the well has been charged. 

When the voltage on the source is made to rise 
or decrease before the voltage on the drain of the 
first transistor decreases or increases, respectively, 
by applying phase-shifted, complementary clock 

75 signals to said main electrodes via the relevant 
booster capacitances, the bipolar parasitic transis- 
tor whose collector, base and emitter are formed 
by the substrate, the well and the source of the first 
transistor, respectively, will not become conductive. 

20 A further embodiment of a voltage multiplier 

circuit in accordance with the invention is char- 
acterized in that the multi-phase clock signal gen- 
erator comprises a series connection of a number 
of inverter circuits, respective outputs of two neigh- 

25 bouring inverter circuits being connected to respec- 
tive electrodes of two neighbouring booster 
capacitances. The clock signal generator then com- 
prises a series connection of inverter circuits for 
applying clock signals to the neighbouring. booster 

30 capacitances in phase opposition, a gate delay of 
an inverter circuit causing the above-mentioned 
phase shift. 

A preferred embodiment of a voltage multiplier 
circuit in accordance with the invention is char- 

35 acterized in that in the element between a connec- 
tion point of the control electrode of the first and 
the second field effect transistor on the one side 
and the drain of the first field effect transistor on 
the other side there is provided a switchable charg- 

40 ing or discharging path for charging or discharging 
the latter control electrodes, there being provided 
control means which are connected to the latter 
connection point via a coupling capacitance in or- 
der to increase or decrease a voltage on the latter 

45 control electrodes after they have been charged or 
discharged, respectively, via the switchable charg- 
ing or discharging path. The voltage across the first 
field effect transistor is thus reduced to substan- 
tially zero in the forward direction because no 

50 threshold loss occurs. This threshold loss Is avoid- 
ed by adding to the control voltage already present 
on the control electrode of the first transistor, via 
the coupling capacitance, a control voltage originat- 
ing firom the control means. 

55 Another embodiment of a voltage multiplier cir- 

cuit in accordance with the invention in which the 
series connection of inverter circuits forms a part of 
a ring oscillator, is characterized in that the ring 
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oscillator comprises a flipflop, a flipflop output of 
which is fed back, via the inverters, to a first flipflop 
input, a second flipflop input receiving an enable 
signal. Because a flipflop is included in the ring 
oscillator, the ring oscillator can be switched off 
after a complete last clock pulse. 



BRIEF DESCRIPTION OF THE FIGURES 

The invention will be described in detail 
hereinafter with reference to a drawing; therein: 

Fig. 1 shows an exannple of a conventional 
voltage multiplier circuit, 

Figs. 2a, b and c show rectifier elements of 
the voltage multiplier circuit shown in Fig. 1 , 

Fig. 3 shows a circuit diagram of a rectifier 
element for a voltage multiplier circuit in accor- 
dance with the invention, 

Fig. 4 shows a first embodiment of a rectifier 
element for a voltage multiplier circuit in accor- 
dance with the invention. 

Fig. 5 shows a first embodiment of a voltage 
multiplier circuit in accordance with the invention. 

Fig. 6 shows variations of signal voltages in 
the rectifier element as shown in Fig. 4, used in a 
voltage multiplier circuit as shown in Fig. 5. 

Fig. 7 shows a second embodiment of a 
rectifier element for a voltage multiplier circuit in 
accordance with the invention, and 

Fig. 8 shows a second embodiment of a 
voltage multiplier circuit in accordance with the 
invention. 



CONVENTIONAL VOLTAGE MULTIPLIER CIRCUIT 

Fig. 1 shows a conventional voltage multiplier 
circuit of the type generating a negative output 
voltage. Between the power supply terminal Vgs 
and the output Vee there Is arranged a series 
connection of rectifier elements Di, D2. ... Be- 
tween the output Vee and the power supply termi- 
nal Voo there is connected a buffer capacitance 

Cee. The respective junctions Ki. K2 K„.i are 

alternately connected, via an associated booster 
capacitance Ci, C2, .... Cn-i. to clock lines Q and Q 
which carry complementary clock signals. Because 
the clock signals Q and JTare periodic, the rectifier 
elements having an even index, D2. D*. and the 

elements having an odd index, Di, D3 will 

periodically be blocked or conductive and conduc- 
tive or blocked, respectively. Charge is then 
pumped, via a conductive element, from one boost- 
er capacitance to the next booster capacitance 
having a lower index. Charge is thus step-wise 
fetched from the buffer capacitance Cee and ulti- 



mately drained on the Vss terminal. 



CONVENTIONAL RECTIFIER ELEMENTS 

5 

Rgs. 2a and b show conventional rectifier ele- 
ments for a voltage multiplier circuit as shown in 
Fig. 1 which is constructed by means of field effect 
transistors. The element shown in Fig. 2a is a 
10 PMOS transistor which is connected as a diode 
and a substrate connection SU of which is con- 
nected to the positive supply terminal Vqd in order 
to avoid charge injection to the substrate. At the 
anode side A of the element shown, there will be a 

/5 higher negative voltage as this element is situated 
nearer to the output Vee in the series connection 
shown in Fig. 1. Because of the higher substrate- 
source voltage in such an element, the threshold 
voltage at which the element becomes conductive 

20 is also higher. This is because the threshold volt- 
age increases as the substrate-source voltage in- 
creases. When a given substrate-source voltage is 
reached, the threshold voltage of the rectifier ele- 
ment becomes so high that the voltage swing on 

25 the clock lines Q and CTis no longer sufficient to 
raise the voltage difference across the element 
in the forward direction beyond the threshold volt- 
age of the transistor. 

The element shown in the Figs. 2b and 2c is 

30 an NMOS transistor which is connected as a diode 
and which is realized in a P-well. The well connec- 
tion W is connected to the anode A in order to 
prevent charge injection to the well. If the voltage 
on the side of the cathode K is lower than that on 

35 the anode side, a parasitic bipolar transistor PB is 
set to the conductive state. 



CIRCUIT DIAGRAM OF A RECTIFIER ELEMENT 
40 IN ACCORDANCE WITH THE INVENTION 

Fig. 3 shows a circuit diagram of a rectifier 
element in accordance with the invention. The in- 
vention is based on the recognition of the fact that 

45 the element shown in the Figs. 2b and 2c Is 
suitable as a rectifier element for the voltage multi- 
plier circuit shown in Fig. 1 only if the voltage on 
the cathode terminal K cannot drop below that of 
the well and hence below that on the anode termi- 

50 nal A, so that the parasitic transistor PB becomes 
conductive. If the well connection according to the 
invention is always switched to the main electrode 
of the NMOS transistor which carries the lowest 
voltage, the problem described with reference to 

55 Fig. 2c is solved. This is shown in Fig. 3. In the 
transistor the diodes between the N diffusions for 
the main electrodes on the one side and the P-well 
on the other side are connected, depending on the 
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voltage on the cathode K and the anode A. to 
either the cathode terminal K or to the anode 
terminal A. so that the diodes are always blocked. 

FIRST EMBODIMENT OF A RECTIFIER ELEMENT 

Fig. 4 shows a first embodiment of a rectifier 
element for a voltage multiplier circuit in accor- 
dance with the invention. A P*weil terminal W of a 
first NMOS transistor Ni which is connected as a 
diode is coupled to the cathode K of the transistor 
N\ across a second transistor N2 and to the anode 
A of the transistor Ni across a third transistor N3. 
The coupling of the control electrodes of the tran- 
sistor N2 and of the transistor N3 to the anode A 
and the cathode K, respectively, of the transistor 
Ni ensures that the P-well is always connected to 
the lowest voltage occurring on one of the main 
electrodes of the transistor Ni. except when the 
voltage across the transistor Ni is lower than a 
threshold voltage of the transistors N2 and N3. In 
that case the P-well is uncoupled from the anode A 
as well as from the cathode K. However, the P-well 
maintains its voltage on the junction capacitance 
between the P-well and the substrate. In order to 
prevent the parasitic bipolar transistor PB as shown 
in Fig. 2c from becoming conductive due to the 
driving by means of the voltage on the junction 
capacitance, the voltage on the source of the tran- 
sistor Ni (junction K) must change before that on 
the drain (junction A). This will be described in 
detail hereinafter with reference to the Figs. 5 and 
6. ' 



FIRST EMBODIMENT OF A VOLTAGE MULTI- 
PLIER CIRCUIT 

Fig. 5 shows a first embodiment of a voltage 
multiplier circuit in accordance with the invention. 
This voltage multiplier circuit generates a negative 
output voltage V^e- The series connection of the 
rectifier elements of the type described with refer- 
ence to Fig. 4. Ri. R2 Rn. is connected to a 

power supply terminal Voo at an anode side, via a 
buffer capacitance Gee- Each of the junctions be- 
tween two elements is connected, via booster 
capacitances, to a junction point between two in- 
verters I2, I3 I„. The series connection of the 

inverters forms part of a ring oscillator RT which 
also includes a flipflop FF. The successive booster 
capacitances Ci, G2. .... C^-i receive clock signals 
in phase opposition, as has already been described 
with reference to. Fig. 1. Moreover, the clock sig- 
nals applied to the successive booster capacitan- 
ces are delayed with respect to one another by a 
time interval which equals one inverter delay. This 



inverter delay ensures that the voltage on the 
source (for example, the junction V2) of the first 
transistor in an element (for example. R2) changes 
before the voltage on the drain (for example, junc- 

5 tion point V3) of said first transistor changes. As 
has already been stated, this serves to prevent 
parasitic bipolar transistors from becoming conduc- 
tive in- blocked rectifier elements, thus disturbing 
the potential built up at said rectifier element. Flip- 

70 flop FF is included in the ring oscillator RT in order 
to ensure that, when the ring oscillator is switched 
off by means of the enable signal EVM, the last 
clock pulse is still fully passed on. resulting in 
better defined states in the oscillator. 

T5 

SIGNAL VARIATIONS 

Fig. 6a shows the variation of the voltages 

20 denoted by the references Vi and V2 in Fig. 5 and 
the references Vi, V2 and Vb in Fig. 4. Fig. 6b 
shows the variation of these signals if the signals 
on the source of the first transistor in an element 
were to change simultaneously with the signals on 

25 its drain. Signal Vi is the signal on the source of 
the transistor Ni of Fig. 4 and V2 is the signal on 
the drain of the transistor Ni. The signal V2 has a 
lower mean value than Vi because charge is st p- 
wise drained from the buffer capacitance Gee. hav- 

30 ing a high negative voltage, across the various 

stage capacitances Ci, O2 C„. to Vss- The 

transistor N2 of Rg. 4 receives a control voltage V2 
- Vi. the transistor N3 receiving a control voltage 
* Vi - V2. These control voltages are also shown in 

35 the Figs. 6a and 6b. When a control voltage ex- 
ceeds a threshold Vy, the relevant transistor is 
conductive. A variation of the voltage Vb of the P- 
well can thus be simply illustrated. When both said 
control voltages drop below the threshold Vt. the 

40 well is uncoupled from the main electrodes of the 
transistor Ni. However, the well maintains its volt- 
age because of the charge stored on its junction 
capacitance. Signal Vb remains below or equal to 
one of the voltages Vi and V2 throughout Fig. 6a in 

45 which the signal V2 is delayed with respect to Vi . 
For the sake of clarity, the actually coincident line 
segments are shown to be slightly separated in the 
drawing, but this has no significance. In Fig. 6b, 
however, where Vi and V2 change their sign si- 

50 multaneously. the arrow X denotes the voltage vari- 
ation where Vb exceeds Vi and the arrow Y de- 
notes the voltage variation where Vb exceeds V2 . In 
both situations the previously mentioned parasitic 
bipolar transistor becomes conductive and un- 

55 desirable loss of charge occurs. 

PREFERRED EMBODIMENT OF A RECTIFIER 
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ELEMENT 

Fig, 7 shows a preferred embodiment of a 
rectifier element for an integrated voltage multiplier 
circuit in accordance with the invention. Parts 
which correspond to those shown in Fig. 4 are 
denoted by corresponding reference numerals. The 
rectifier transistor Ni and the second transistor N2 
are no longer controlled by the forward voltage on 
the junction point A. as was the case in the circuit 
shown in Fig. 4. The connection between the drain 
of Ni and the control electrode of Ni is now 
formed by a current path which can be switched on 
and off and which comprises a gate transistor N5 
which is connected as a diode and a gate transistor 
N4 which is connected thereto in anti-parallel and 
which is controlled by a voltage on the junction 
point K. When the voltage V2 on the junction point 
A increases and the voltage Vi on the junction 
point K decreases, first the control electrodes of 
the rectifier transistor Ni and of the second transis- 
tor N2 will receive a control voltage via the gate 
transistor N5. Only after that an additional control 
voltage Vq in the form of a pulse will be added to 
the control voltage already present, via a coupling 
capacitance Cp. The control voltage for the transis- 
tor Ni then increases by such an amount with 
respect to the voltage V2 that no threshold losses 
occur across the transistor Ni and the voltage Vi 
in principle becomes equal to V2. When the voltage 
Vi subsequently increases again, the charge on 
the control electrode of the transistor Ni is drained 
again via the gate transistor N4. Such an element is 
suitable for use in the voltage multiplier circuit as 
described with reference to the next Figure. 

PREFERRED EMBODIMENT OF A VOLTAGE 
MULTIPLIER CIRCUIT 

Fig. 8 shows a second embodiment of a volt- 
age multiplier circuit in accordance with the inven- 
tion. Parts which correspond to those shown in Fig. 
5 are denoted by corresponding reference numer- 
als. The series connection of rectifier elements Gi, 
G2, .... Gn now comprises rectifier elements of the 
type shown in Fig. 7. Each of these elements Gi. 
G2, .... Gn comprises an additional control input 

coupled to an associated NOR-gate Bi. B2 Bn. 

An output of such a NOR-gate supplies the pulse 
signal Vq, described with reference to Fig. 7, on 
the coupling capacitance Cp. The operation will be 
described with reference to the element Gi of Fig. 
8 which is explicitly shown in Fig. 7. When the 
voltage V2 exceeds the voltage Vi, the transistor 
N4 is blocked. The NOR-gate Bi initially supplies 
an output signal equal to Vss- When the voltage V2 
increases, the control electrode of the transistor Ni 



is raised to a higher voltage via the source follower 
N5. When subsequently the full forward voltage V2 
- Vi has been built up across the transistor Ni, the 
NOR-gate Bi switches the output signal from Vss 

5 to Voo. thus pressing, via the coupling capacitance 
Cp. the voltage on the control electrode of the 
transistor Ni beyond the voltage V2. Consequently, 
the transistor Ni will no longer cause threshold 
voltage losses (Vi = V2). At the end of this charg- 

10 ing operation, the NOR-gate Bi changes over from 
VpD to Vss. after which the reverse voltage Vi - V2 
is built up across the transistor Ni. The correct 
phase for driving the elements via the NOR-gate is 
derived from the voltages on thelnputs and outputs 

15 of the inverters I-1, lo. I1, .... In*2 of the ring 
oscillator. 



Claims 

20 

1 . An integrated voltage multiplier circuit, com- 
prising a high-voltage output connected to a series 
connection of rectifier elements, each of which 
comprises a first field effect transistor, a buffer 

25 capacitance for charge storage being connected 
between the high-voltage output and a power sup- 
ply terminal, a junction point of every pair of neigh- 
bouring elements being connected to one side of 
booster capacitance whereto clock signals are ap- 

30 plied on the other side so that two booster capacit- 
ances connected to a respective side of one recti- 
fier element receive clock signals of mutually op- 
posed polarity, characterized in that the field effect 
transistors of the elements, on a substrate are re- 

35 alized in separate regions of a conductivity type 
other than that of the substrate, at least the rectifier 
elements which are situated at a high-voltage side 
of the circuit comprising respective switching 
means which connect internal diodes, formed in the 

40 field effect transistor by a p-n junctions between a 
source and a drain, respectively, of the field effect 
transistor on the one side and the region on the 
other side, to either the source in the conductive 
state or to the drain in the blocked state of the field 

45 effect transistor, so that the internal diodes remain 
blocked. 

2. An integrated voltage multiplier circuit as 
claimed in Claim 1, characterized in that the 
switching means of the first field effect transistor 

50 comprise a second and a third field effect transistor 
which are of the same conductivity type as the first 
field effect transistor and which are realized in 
respective regions which are coupled to the region 
of the first field effect transistor, a source of the 

55 second and the third field effect transistor being 
connected to a source and a drain, respectively, of 
the first field effect transistor, a control electrode of 
the second and the third field effect transistor be- 
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ing coupled to the drain and the source, respec- 
tively, of the first field effect transistor, the drains of 
the second and the third transistor being connected 
to the interconnected regions. 

3. An integrated voltage multiplier circuit as 
clainried in Claim 2. characterized in that the volt- 
age multiplier circuit comprises a multi-phase clock 
signal generator for applying respective, mutually 
phase-shifted clock signals to respective booster 
capacitances, the clock signal applied to the source 
of the first field effect transistor via the relevant 
booster capacitance changing sooner than the 
complementary clock signal applied to the drain of 
the first field effect transistor via the next booster 
capacitance. 

4. An integrated voltage multiplier circuit as 
claimed in Claim 3, characterized in that the multi- 
phase clock signal generator comprises a series 
connection of a number of inverter circuits, respec- 
tive outputs of two neighbouring inverter circuits 
being connected to respective electrodes of two 
neighbouring booster capacitances. 

5. An integrated voltage multiplier circuit as 
claimed in Claim 4. characterized in that the output 
and the input of the last inverter circuit of the 
series connection are connected respectively to the 
electrode of the booster capacitance that is con- 
nected to one side of a last rectifier element, the 
other side of which rectifier element forms the 
output of the voltage multiplier, and to the neigh- 
bouring booster capacitance, which is connected to 
the last rectifier element but one. 

6. An integrated voltage multiplier circuit as 
claimed in Claim 4 or 5, characterized in that the 
series connection of inverter circuits forms part of a 
ring oscillator. 

7. An integrated voltage multiplier circuit as 
claimed In Claim 2. 3. 4, 5 or 6. characterized in 
that in the element between a connection point of 
the control electrode of the first and the second 
field effect transistor on the one side and the drain 
of the first field effect transistor on the other side 
there is provided a switchable charging or dis- 
charging path for charging or discharging the latter 
control electrodes, there being provided control 
means which are connected to the latter connection 
point via a coupling capacitance in order to in- 
crease or decrease a voltage on the latter control 
electrodes after they have been charged or dis- 
charged, respectively, via the charging or discharg- 
ing path. 

8. An integrated voltage multiplier circuit as 
claimed in Claim 7, characterized in that the charg- 
ing or discharging path comprises a fourth and a 
fifth field effect transistor, both transistors being of 
the same conductivity type as the first field effect 
transistor and being realized in respective regions 
which are coupled to that of the first field effect 



transistor, a drain and a control electrode of the 
fourth field effect transistor being connected to the 
drain of the first field effect transistor, a source of 
the fourth field effect transistor being connected to 

5 the junction point of the control electrodes of the 
first and the second field effect transistor, a drain of 
the fifth field effect transistor being connected to 
the latter junction point and a source and a control 
electrode of the fifth field effect transistor being 

70 connected to the drain and the source, respec- 
tively, of the first field effect transistor. 

9. An integrated voltage multiplier circuit as 
claimed in the Claims 4, 5 or 6 and the Claim 7 or 
8, characterized in that the control means comprise 

IS a logic gate, a gate output of which is connected to 
the coupling capacitance and respective gate in- 
puts of which are connected between the inverter 
circuits. 

10. An integrated voltage multiplier circuit as 
20 claimed In Claim 9. characterized in that, when the 

respective elements are constructed by means of 
NMOS transistors in respective P-wells, the logic 
gate is a NOR-gate. a gate output of which is 
connected to the coupling capacitance, a first gate 

25 input receiving a clock signal two inverter delays 
sooner than the source of the first field effect 
transistor, a second gate input receiving a clock 
signal two inverter delays later than the source of 
the first field effect transistor. 

30 11. An .integrated voltage multiplier circuit as 

claimed in Claim 9. characterized in that, when the 
respective elements are constructed by means of 
PMOS transistors in respective N-wells, the logic 
gate is a NAND-gate. a gate output of which is 

35 connected to the coupling capacitance, a first gate 
- input receiving a clock signal two inverter delays 
before the source of the first field effect transistor, 
ai second gate input receiving a clock signal two 
inverter delays later than the source of the first 

40 field effect transistor. 

12. An integrated voltage multiplier circuit as 
claimed in Claim 6. characterized in that the ring 
oscillator comprises a fiipflop. a flipflop output of 
which is fed back, via the Inverters, to a first flipflop 

45 input, a second flipfFop input receiving an enable 
signal. . 

13. An integrated voltage multiplier circuit as 
claimed in any one of the preceding Claims in 
combination with an electrically programmable and 

50 erasable memory. 

14. A rectifier element suitable for use in a 
voltage multiplier circuit as claimed in any one of 
the Claims 1 . 2, 7 or 8. 

15. A ring oscillator suitable for use in a vott- 
55 age multiplier circuit as claimed in Claim 12. 
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@ Voltage multiplier circuit and rectifier element. 

@ The invention relates to a voltage multiplier, comprising a 
series connection of rectifier elements which are alternately 
rendered conductive by alternately applying complementary 
clock signals to capacitances which are connected to junction 
points of pairs of neighbouring elements. The rectifier element 
is constructed by means of field effect transistors so that the 
well in the substrate in which the element is realized receives 
either the anode voltage or the cathode voltage. This prevents 
the occurrence of the so-called back-gate bias effect which 
increases the threshold voltage of the element and limits the 
output voltage of the voltage multiplier. 
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Samenvatting 



The invention relates to a voltage multiplier, comprising a series connection of rectifier elements which 
are altemately rendered conductive by alternately applying complementary clock signals to 
capacitances which are connected to junction points of pairs of neighbouring elements. The rectifier 
element is constructed by means of field effect transistors so that the well in the substrate in which the 
element is realized receives either the anode voltage or the cathode voltage. This prevents the 
occurrence of the so-called back-gate bias effect which increases the threshold voltage of the element 
and limits the output voltage of the voltage multiplier. 
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